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Description 

BACKGROUND OF THE INVENTION 

5 

Reld of the Invention: 

I-' 

-mis invention relates to a digitaKo-analog converting apparatus employed in various digital processinq 
systems such as PCM (Pulse-Coda modulation) record players. More particularly, the invention concerns a 
;pf^^'^^^^^.T^^ apparatus, which can digital-to analog convert Pulse Amplitude Modulation 
(PAM) waves and Pulse Width Modulation (PWM) waves. 



Description of the Prior art 
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t,.J^nT? T *9'^'-'°-^^'°9 (D/A) converting systems, which can convert a digital signal with each bit 
having a Uxed weight, e.g.. s.mple binary codes and binarized decimal codes. Into an analog signal, are well 
known ,n the art. These digital-to-analog converting systems include one. in which the digital signal noted 
^nnThl'pAM '''^ °' corresponding to digital data given by the weight S each Wt 

and the PAM or PWM wave thus obtained is interpolated through a low-pass filter to obtain the analog 
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With a D/A converting system which is based on a system of converting a digital signal to a PAM wave 
ftiereinafter refen^ to as PAM system), principally a conversion characteristic having satisfac^oryTneaZ 
Zd^^uZf system, however, requires highly precise resistance adder and current 

1 ^ """"^"^ *° '"^'9^' °* °' '"P"» ^'9«^ s'9"«'- « *e resolution is to be 

Z^^f f'n r k"^"^^ °* "^'"^ ^ ^ entire circuit must be 

constructed w,th a h.gh precision. With a D/A converting system which is based on a system of convertim 

Ti^^ H„ r '° '"P"* '''9"^' ^'9"^- ^° 'l^^ '^'^^"'t construction that is required 

.s simple. However, the conversion characteristic is principally non-linear and involves conversion errors 
Also It IS necessary to increase the operation frequency of the counter according to the resolution 

through L pXL^"^!^ '^"^ *® ^^^"^ conversion and analog signals obtained 

through the PWM system conversion. As is seen from the Rgure. the PAM pulses and PWM pulses that 

S S""? '''^'^ "'^"^ '^^"^ ^y^^'"^ ^^^^ ^"^ the PWM pulses. wl^whTch 

me duty ratio with respect to the conversion period T varies, unlike the PAM pulses with which Se duty 
^0 remains fixed, the linearity of analog signal that is obtained by smoothing the pulses thfoLh^ 
predetermined low-pass filter is deteriorated. wirougn a 

More particularly, the digital-tc^analog conversion characteristic of the PWM system is not linear but is 

Sclno to «,f fr^r" ^-"^^^^ ^ ^ system conversion characteristic variJs 

acco ding to the frequency of the analog signal obtained. The distortion due to the non-linearity is increased 

^c^ZTcT^^^ '''^'^ ^ ^ '"^^'"^ "W*^ wave X id* Tn -e 

The dfetortlon due to conversion in the PWM system noted above may be reduced by increasinq the 

S^r^dt^TrptM"""*" """^'^ Sreb; rTZ ^ Te 

pulse width of the PWM wave representing one LSB of date. By reducing the pulse width of one LSB 

iroTkf' """'L^^' °L*' ^'9"^' interpolation oTtTe I^WM iave 

S e hTr? " '^"^ ? '^^"'^ ^'^^ "^^'-""^ '«vel and zero s^r^l 

level. I.e.. the dynamic range of signal. 

In case where D/A conversion with a resolution of N bite is performed by the PWM system the oulse 
width xo representing one LSB of PWM pulses where the maximum pulse widi, is r J. is gTv^ ^ 



To — — 



2N-1 (1) 

Where a 16^,it PCM.audio D/A converter is employed, for instance, with a maximum pulse width of 10 



EP 0 141 386 B1 



10 



^ 10 usee 
To = ' 

216-1 
= O.IS nsec. 

In order to control the pulse width of the PWM pulses in this case with a counter. It is necessary to operate 
the counter at a clock frequency fcuc of 



= 6600 MHz 
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However, even with an ordinary high speed counter based on ECL (Emitter-Coupted Logic), the practical 
upper limn of the operation frequency is of the order of 100 MHz. Therefore. It has been very difficult to 
realize a high resolution D/A converting system based on the PWM system. 

When D/A conversion with a resolution of N bits Is to be realized with a PAM system employing current 
adders, for instance. N cun-ent sources which are provided with highly precise weights are required for each 

An article of Y. Mrtsuhashi with the title "DigltaKo-Analog Converter" in Journal of the Audio 
Engineering Society. VoL 28. no. 7/8, July/August 1980, pages 515 - 520. New York. US describes a 
djgitaHo-analog converting apparatus for converting a digital code having higher order bits and lower order 
bits to an analog value, said apparatus comprising: 

- a device for deviding Input digital codes into higher order bits and lower order bits; 

- a first digital-to-analog converter having a PAM controller for producing a PAM control signal (Spam) 
corresponding to said higher order bits for converting said higher order bits to a higher analoq value 
in a first converting style; 

- a current source for generating a higher analog value corresponding to said PAM control signals- 

- a second digital-to-analog converter having a PWM control section for converting said lower order bits 
to a lower analog value in a second converting style using pulse width modulation means and 
producing an analog vlaue which is inferior to that produced in the first converting style in linearity 
said pulse width modulation means including means for generating pulses having a plurality of 
different pulse widths and defining a conversion period; and 

- an adder for adding said higher and lower analog values. 

PWm"'^ ^^^^^^^ "° measures against the non-linearity of the analog value produced by 

^ An article of G. R. Ritchie et al. with the title "Interpolative digital-to-analog converters" in IEEE 
Transactions and Comnriuntcations . vol. com-22. no. 11 . November 1974. pages 1797 - 1806 deals with 
the problem of D/A noise introduced by PWM conversion of a word being composed of two subwords one 
consisting of the most significant bits of the input word and the other of the least significant bits ' The 
particular analog values of these words are denoted with m and 1. respectively. The output of a resistor 
network equals m for the first (16 - 1) cycles and then steps up to (m + 1) for the remaining 1 cycles 
Noise IS reduced by designing the circuit so that the tin^e when the output equals (m + 1 ) is placed 
centrally with respect to the conversion period The article tells that fairly complex circuits are necessary 

It IS the object of the present invention to provide a simple digital-to-analog converting system having 
improved lineanty of an analog value produced by a PWM method. 

The digital-to-analog converting apparatus according to the present invention comprises the features as 
nsted above for the apparatus known from the article by Y. Mitsuhashi. In the inventive apparatus said 
second digital-to-analog converter includes the following means: 

- means for generating the 2's complement of said lower order bits. 

- means for selecting pulses of different pulse widths according to said lower order bits and said 2's 
complement of said lower order bits, 

' SJs^''' ""^^"^ receiving selected pulses of different pulse widths from said means for selecting 

- for producing an output signal formed of two pulse width modulated waves in which said two pulse 
width modulated waves are arranged in respective first and second intervals of said conversion period 
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and in which widths of said two pulse width modulated waves vary symmetrically relative to the 
respective central time points of said first and second Intervals of said conversion period, thereby to 
improve linearity of the analog value produced by the second converting style 
^ The means having the just menfioned features can be implemented by rather simple logical circuits. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 is a waveform diagram showing PAM and PWM waves usually used for D/A conversion- 
»o Fig 2 IS a graph showing conversion characteristics of D/A conversion using PAM and PWM waves. 

.rr^L^i'^^ schematic representation of a first embodiment of the digital-to-analog converting system 
according to the present invention; v j 

rs embSmthfc ^ ^^"^ representation of an example of PWM control section employed in the same 
Rg. 5 Is a time chart for explaining the operation of the same embodiment- 
„f ® '^avefOT" diagram showing an example of pulse widths of PAM wave representing one LSB 
of higher order n^rbrt data and PWM wave representing one LSB of the lower order n,-bit data; 

Rg 7 IS a wavefonn diagram showing an example of PWM wave output obtained through additive 
20 combination of individual PWM waves in the same embocfiment. aaainve 
Rg. 8 is a characteristic graph showing the linearity of PWM wave in the same embodiment 
Rg. 9 is a graph showing an D/A conversion characteristic obtained with the same embodimenf 

'^-^ f**!""^'^ representation of a second embodiment of the digital-to-analog converting 
system according to the present invention; " ^-^nvwung 

I qR^tJl'^ ^ wavefonn diagram showing an example of pulse widths of PWM wave representing one 
Se Ltodimenr ^ "^"^ representing one LSB of lower o«ler n..J.it data ?n the 

romS.llif^r^*°r^.'i'i!^'^ ^^"^ ^ ^^^^^ °"»P"t Obtained through additive 

combination of individual PWM waves in the same embodiment: 

first embodime^f^^'"^'' representation of a different example of PWM control section employed in the 
Rg. 14 is a time chart illusb-ating Uie operation of the same example; 

Rg. 15 Is a characteristic graph showing the linearity of PWM wave obtained in the same example- 
Rg. 16 IS a schematic representation of a third embodiment of the digital-tis-analog convertina svstem 
35 according to the present invention; iw-««n««og convening system 

Rg. 17 is a time chart for explaining the operation of the same embodiment- 

hiK rtf;.!?* ^ ^a^eform diagram showing tine PAM wave obtained Uimugh conversion of higher order n„ 
bits data in the same embodiment; wiuci uh 

J® is a wavefonn diagram showing an example of resultant pulses obtained through additive 
combination of PAM and PWM waves In the same embodiment; ^ 

Rg. 20 is a graph showing the D/A conversion characteristic obtained in ttie same embodiment- 
sccSSu^\:r:eT^^:::ZT"'"" °' ^ °' dlgltal-to-analog converting system 

Rg. 22 is a time chart illusti-ating Uie operati-Qn of the same embodiment; 
embSme^n?^'"^"^ '^'^^ "^"^ "^"^ '^^'^ a modulating section in the same 

Rg. 24 is a graph showing the D/A conversion characteristic of tiie same embodiment. 

50 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

be dSbed in deSr'"* °' '"S'tal-to-analog converting system according to the present invention will 
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A first embodiment of the present invention is shown in the block diagram of Rg 3 N-bit serial data D 
which ,s Obtained through quantfzation of an analog signal for every sampling p^iod Ts I suS 
iZ^rl ' embodiment. 7-bit data is supplied as the serial data Dj^'the'd"^^^^^^ 

This serial data D„, is supplied from the data input terminal 1 to a serial-to-paraHel (S/P) converter 2 for 
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conversion to parallel data Dp. 

The N-bit (i.e., 7-bit) parallel data Dp consisting of bits Do to Dc obtained from the S/P converter 2. is 
divided into MSB side HH-bit (i.e.. 3-bit) data Dh consisting of higher order bits Do to Da with greater weights 
and LSB side n^bit (i.e.. 4-bit) data Dl consisting of lower order bits Da to Ds with smaller weights. The 
higher order nn-bit data Dh is supplied to a PAM control section 3. while the lower order nt-bit data Dl is 
supplied to a PWM control section 4. 

In this embodiment, the PWM control section 4 is supplied with one-bit data Dg of logic level "1" 
supplied to a secondary data input terminal 5. It adds the one-bit data Ds to the higher order bit Ds side of 
the lower order bit data Dl to obtain 5-bit data Dp consisting of bits Ds and Da to Dg, and decodes this data 
to obtain a laterally symmetrical PWM wave. 

The PWM control section 4 may have a construction as shown in Rg. 4. 

As is shown, the PWM control section 4 includes a (nt + l)-bit. i.e.. 5-blt. counter 42. a complement 
circuit 43. a first coincidence detection circuit 44, a second coincidence detection circuit 45. and a R-S flip- 
flop 46. The counter 42 counts clock pulses 0clk at a clock frequency fcuK supplied to a clock input terminal 
41. The complement circuit 43 provides 2's complement data D p to the 5-bit data Dp consisting of bits Ds 
and Da to Dg supplied from the secondary data input terminal 5 and S/P converter 2. The first coincidence 
detection circuit 44 compares the 5-bit data Df and count output data Dc consisting of bits Qs to Qi 
provided from the counter 42 to effect coincidence detection. The second coincidence detection circuit 45 
compares the 2*s complement data 0 f and count output data Dc to effect coincidence detection. The R-S 
flip-flop 46 is reset by a coincidence detection output of the first coincidence detection circuit 44 and set by 
a coincidence detection output of the second coincidence detection circuit 45. 

The complement circuit 43 provides 2's complement data D p as shown in Table 1 below to the 5-bit 
data Dp consisting of the one-bit data Ds and lower order nt-bit data. 



Table 1- Operation of complementr circuit 





lower order^ nj^-bit 
data of bits D3 to 


5-bit: datra Dp 


Complement data 


0001 


10001 


01111 


0010 


10010 


OHIO 


OOIjL 


lOOU. 


01101 


0100 


10100 


01100 


0101 


10101 


01011 


0110 


10110 


01010 


0111 


10111 


01001 


1000 


11000 


01000 


1001 


11001 


00111 


1010 


11010 


00110 


1011 


11011 


00101 


1100 


11100 


00100 


1101 


11101 


00011 


1110 


11110 


OOOiO 


1111 


mil 


00001 



The counter 42 counting clock pulses 0clk provides the count output data Dc consisting of bits Q5 to 
Qi at timings to to t32 as shown in Rg. 5. 
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The first coincidence detection circuit 44 comparing the count output data Dc and 5-bit data Dp resets 

the R-S flip-flop 46 with its coincidence detection output provided at timings ti7. t,8 Is, for each bit of 

the 5-bit data Dp-Jhe second coincidence detection circuit 45 comparing the count output data Dr and 
complement data D ^ . sets the R-S flip-flop 46 with its coincidence detection output provided at timings t,s 
ti« ..... t, for each of the complement data Dp. » • 

D^/J**® "'^ operated by the outputs of the coincidence detection circuits 44 and 45 provides a 

PWM control signal Spwm as shown in Fig. 5. with the pulse width varying symmetrically with respect to the 
timing tig according to the lower order nL-bits data D|.. 

The PAM control section 3 produces a PAM control signal Spam which is timed to the PWM control 
> signal Spww provided from the PWM control section 4 according to the higher order n„-bit data D„ 
consisting of bits Do to Dz. the PAM control signal Spa„ being supplied to a modulating section 10 

The modulating section 10 includes constant cun-ent sources 14 to 16 and 18. an operational amplifier 
20 and feedbacl< resistor 22. The constant cunrent sources 14 to 16 are respectively connected to n„ switch- 
es 11 to 13 which are controlled for switching by the PAM control signal Spam provided from the PAM 
control section 3. Tlie constant current source 18 is connected to a switch 17 which is controlled for 
switching by the PWM control signal Spww provided fnjm the PWM control section 4. The operational 
amplifier 20 has an inversion input terminal 19 which can be connected to the constant current sources 14 
to 16 and 18 through the switches 11 to 13 and 18. The feedback resistor 22 is connected between an 
output terminal 21 and inversion input terminal of the operational amplifier 20. The non-inversion input 
terminal of the operational amplifier 20 is grounded. 

K> J^® T!^*^ " to 13 controlled for switching by the PAM control signal Spam. i.e.. the higher order n„- 
Dit date D„. produce a PAM wave PAMh having a peai< level h„ which is determined by current levels I, to 

,\~^ u ~ ~ °* respective constant current sources 14 to 16 provided with weights 

selected by the switching operation. The PAM wave PAMh is supplied to the operational amplifier 20. The 
switch 17 for PWM controlled for switching according to the PWM control signal Spwm, the pulse width of 
which IS vaned according to tine lower order nt-bit data Du produces a PWM wave PWMl having a peal< 
^ determined by the current level U of the constant current source 18. The PWM wave 

PWMl is supplied.to the operational amplifier 20. 

The current level U of the constant current source 18 for Earning the PWM wave PWMu. is set equal to 
Hie current level lo of the constant current source 16 for the PAM. In ttiis embodiment, ttie continuity 
between tiie PAM and PWM waves PAM„ and PWM^ is ensured with the pulse widtt, of the PAM wave 
PAMh set such ttat tiie area S„ of ttie PAM wave PAMh representing one LSB of tt,e n„ higher order bits is 
equal to an area Su, which is 2"'- times the area St of ihs PWM wave PWM, representing one LSB of Hie 

lower order bits. 

To meet ttie condition S„=Slfs. tiie current level U of tiie constant cun-ent source 18 for the PWM and 
ttie pulse widtii th of the PAM wave PAMh may be set as 

. iO » 2nL.ll ^ 

X4 "^H- ^ f: (l-.j/AO-^-^ 

where ro is ttie pulse width of one LSB of the PWM wave PWMi. 

The operational amplifier 20 additively combines ttie PAM and PWM waves PAM„ and PWM. formed 
by the swrtching operation of ttie switches 11 to 13 and 17 to produce resultant pulses Pour as ^own in 

The PWM wave PWM^ supplied to ttie operational amplifier 20 is symmetrical with respect to the center 
Jrror d"ir™^'°" ^"^^-^ ^ ^^M wave in full scale (FS) without including any 

error due to FM components. In addition, the energy is concentrated in the center Thus, the error due to 
the non-lineanty of conversion characteristic of conversion through interpolation by the low-pass filter to the 
analog signal ,s small as shown in Rg. 8. Thus, the resultant pulses Pour obteined by addition of Uio PWM 
Zt^^- "r',H •^'^^ ""^^ ^^"^ when converted through 

t^TZ::i^r.r^''^' '"^^ *° ^ ^"^^^ Characteristic having excellent 

hit, ""^^ * '".^'^ embodiment ttie N-bit digital date is divided into higher order n» bits and lower order n, 
oS«r ? ^T^!' converted to ttie PWM wave. Thus, it is possible to reduce the 

operation frequency of the pulse width control counter used for the formation of tiie PWM wave 

While in ttie above embodiment tfie N-bit input digital date is divided into tfie higher order n„ bite and 
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lower order nL bits, in case where the input digital data to be D/A converted has a large number N of bits it 
IS possible to divide the input digital data to three or more divisions. 

Rg. 10 shows a different embodiment, in which the lower order nt-bit data is further divided into rin-bit 
data and n,2-bit data to be converted to respective PWM waves PWM„ and PWMia. 

In this second embodiment, a S/P converter 25 converts N-bits (i.e.. 11 -bit) serial data D,„ consisting of 
bits Do to D,o supplied from the data input terminal 10 to parallel data Dp consisting of bits Do to D,o Of 
th.s data, the higher order n„-bit (i.e.. 3-bit) data D„ consisting of bits Do to D2 is supplied to a PAM control 
section 30. The lower order n^-bit p.e.. 8-bit) data D^ consisting of D3 to D,o is divided into n„-bit (i e 4- 
bit) data and n.j-bit (i.e.. 4-bit) data. The n^-bit data D„ consisting of bits D3 to D^ is supplied to a first 
PWM conuol section 40A. and the n«-bits data D„ consisting of bits D7 to D,o is supplied to a second 
PWM control section 40B. 

The first and second PWM control sections 40A and 40B may have the same construction as that 
described before in connection with Rg. 4. The PAM control section 30 is also the same as in the 
preceding embodiment. 

A modulating section 100 includes, in addition to the components described before in connecSon with 
the preceding embodiment, a PWM switch 27 controlled for switching by a PWM control signal S-wmb 
supplied from the second PWM control section 40B and a constant current source 28 conn^ed to 7^ 
switch 27, 

The current level U of the constant current source 18 connected to the switch 17 controlled for 
switching by the PWM control signal Spwma from the first PWM control section 40A and the current level U 
of the constant current source 28 connected to the switch 27 controlled for switching by the PWM control 
signal Spwmb from the second PWM control section 40B. are set according to the ratio r.,/T« of the Dulse 
width T„ representing one LSB of the n„-bit data Dm and the pulse width r t 2 of one LSB Of the n.^-bit 
data Dtg such that the peak values h„ and h^ of the PWM waves PWMj, and PWM„ are related as 

25 

ill « 2^^2 . Ii2 

30 

As shown in Fig. 11 . the time integral value S„ of the higher order one LSB is 
Sn ~ X Til 

while the time integral value S12 of the lower order one LSB is 

Sx2 = hi2 X T12 

^ Thus. Sn is set to St, = a^^.S^ to accurately represent the lower order nt-bit digital data Dt by the PWM 
wave. 

The operational amplifier 20 additively combines the PAM and PWM waves PAM„. PWM,, and PWM,, 
ttiat are formed by the switching operation of the switches 11 to 13. 17 and 27 to produce resultant pulses 
rouT Shown in f^g. 12. 

H^^TJw^!^^T^^"lu^!l embodiment, in which the lower order n,-bit data in the N-bit input digital 
da^a IS divided into n„ -bit data and n«-bit data for conversion to respective PWM waves PWMn and 
PWM«. rt IS possible to further reduce the operation frequency of the counter necessary for forming the 
PWM wave compared to that in the previous first embodiment. ^ 
For example, when the lower order n^-bit data converted to the PWM waves PWM., and PWM., 
^5 consists of 16 bits (with n., = n„ = 8-bits). if the maximum poise width in one conversion period T Is 
Tmaxn - rmaxts - 10 usec.. the pulse Widths T„ and t,2 necessary for one LSB are 



so 



ss 



2- (28-1) 
Tmax£2 



f£2 = 



2. (28-1) 

The clock frequencies fcuc,, and fcu« used for the PWM control sections 40A and 40B are thus 
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^ * 2- (28-1) 

10 Usee* 

if 51.2 MH^ 

There is no need of setting the pulse width th representing one LSB of the nji-brt data D„ and pulse 
width representing one LSB of the n^z-bits data Dtg. For example, the counters may be operated by 
setting fcLKn = 2fcLKt2 and the pulse widths and rta are set such that : = 1 : 2 for additlvely 
combining the PWM waves PWMn and PWMta with the PAM wave PAMh. 

Rg. 13 shows a block diagram showing a different example of the PWM control section 4 in the first 
embodiment shown in Rg. 3. 

In an example shown in Rg. 13. of the input digital data D,n the lower order nL-bit (i.e.. 3-bit) data Dl 
consisting of bits Du, to Dl2 are converted to PWM wave PWMqut. 

The PWM control section in this embodiment includes a 5-bit counter 142 for counting clock pulses 
supplied at frequency fcLK to a clock input temninal 141 and first to fourth coincidence detection circuits 
151 to 154 for effecting coincidence detection with respect to the tower order 4-bit data Dcl consisting of 
bits to Qi of the 5-bit count output data Dc consisting of bits Qs to Qi provided for timings to, ti. t2, ... 
shown in Rg. 1 4 through the counting of clock pulses 0cuc by the counter 1 42. 

The first coincidence detection circuit 151 receives tfie lower order nt-bit data Dl consisting of bits Dlo 
to Dl2 and also a one-bit data Dst of logic level "0" supplied from a first secondary data input tenninal 121. 
It compares for coincidence detection 4-bit data Dx consisting of bits Dsi and Duo to Dl2. which is obtained 
by adding ttie one-bit data Dsi to tine MSB side of the tower order nt-bit data D^ and tiie count output data 
Dcl consisting of bits Q4 to Q, from the counter 142. The coincidence detection output obtained from the 
first coincidence detection circuit 151 is supplied as reset pulse to a first flip-flop 161. 

The second coincidence detection circuit 152 receives 2's complement data D r to tine 4-bit data Dx 
consisting of the one-bit data Dsi and lower order nt-bit data Dl supplied from a first complement circuit 
131. It compares for coincidence detection the complement data U x and count output data Do.. The 
coincidence detection output obtained from tfie second coincidence detection circuit 152 is supplied as set 
pulse to a second flip-flop 162. 

The third coincidence detection circuit 153 receives tiie lower order nt-bit data Dl and one-bit data Dsz 
of logic level -1" supplied from tiie second secondary data input tenninal 122. It compares for coincidence 
detection 4-bit data Dr consisting of bits D^z and Dlo to Dl2 obtained by addition of the one-bit data Dgg to 
the MSB side of the lower order nL-bit data Dl and count output data Dcl consisting of bits Q4 to Qi from 
tiie counter 142. The coincidence detection output obtained from tfie ttiird coincidence detection circuit 153 
IS supplied as reset pulse to a third flip-flop 163. 

The fourtti coincidence detection circuit 154 receives 2"s complement data O 7 to 4-bit data Dy obtained 
by addition of the one-bit data Dgz of logic level "l" to tiie lower order nt-btt-data Du supplied from a 
second complement circuit 132. It compares for coincidence detection the complement data 0y and count 
output data Dcl- The coincidence detection output obtained from the fourth coincidence detection circuit 
154 is supplied as set pulse to the third flip-flop 163. 

The first flip-ftop 161 receives the fourtii bit data CU from tiie counter 142 supplied as set pulse through 
an inverter 171. and it is set by tfie set pulse at timing to (tis) shown In Rg. 14. When the first flip-ftop 161 
IS reset by the coincidence detection output obtained from tiie first coincidence detection circuit 151 it 
produces a first control pulse Pi that falls at each of timings ti (tw). tz (tis). ... b tea) according to the 
lower order nu-bit data Dl consisting of bits Dli. to Dl3. 

The second flip-ftop 162 receives a reset pulse from tiie inverter 171, It is set by tiie coincidence 
detection output obtained from tiie second coincidence detection circuit 152 at each of timings tis (tai). ti* 

^3 <*2s) according to the tower order nt-bit data Dl. and is reset at timing tis (t32) by ttie reset 

pulse, whereby it provides a second contro! pulse P2 as shown in Rg. 14. 

The control pulses Pi and P2 obtained from tfie first and second flip-flops 161 and 162 are supplied to 
a first AND gate 191 tiirough a first OR gate 181. 

The tiiird flip-flop 163 is set by tiie coincidence detection output obtained from tfie fourth coincidence 

detection circuit 154 at each of timings (ty) taa, {is) t^ (ti) ti7 according to tiie lower order OL-blt data Dc 

and .s reset by ttie coincidence detection output obtained from tfie third coincidence detection circuit 153 at 

each of timings (ts) tzs, (tio) t26 (tis) tst according to tiie lower order nL-bit data D^, whereby it provides 

a^ird control pulse P3 as shown in Rg. 14. The tiiird control pulse P3 is supplied to a second AND gate 
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The MSB data Qs from the counter 142 is supplied as gate control pulse through the inverter 172 to the 
first AND gate 191. Thus, the AND gale 191 is held enabled for a period Ta from the instant to to the instant 
tie to permit the first and second control pulses P, and P? to be supplied to the second OR gate 182 The 
MSB data Qs from the counter 142 is also supplied as gate control pulse to the second AND gate 192 The 
second AND gate 192 is thus held enabled for a period Tb from the Instant t.e to the instant tsa to permit 
the third control pulse P3 to be supplied to the second OR gate 182. 

The OR gate 182 permits during a first period Ta first and second control pulses P, and P2 with the 
pulse width thereof varying symmetrically with respect to a timing ts according to the lower order nt-bit data 
Dl and also permits during a second period Tb third control pulse P3 with the pulse width thereof varying 
symmetncally with respect to a timing ta«. as shown in Rg. 14. A PWM control signal Spw^4o which is the 
resultant of the first to third control pulses P, to P3 is supplied to the modulating section 10 in the previous 
first embodiment. 

In the modulating section 10 the fourth switch 17 Is controlled for switching by the PWM control signal 
SpwMO. whereby two different PWM waves PWM, and PWM2 of different pulse width variations and with the 
pulse Width thereof varying symmetrically with respect to the timings U, and according to the lower order 
nL-bit data Dl are provided each once in one conversion period T. the fomier wave during the first period Ta 
and the latter vyave during the second period Tb. 

... The PWM wave PWM, provided from the modulating section 10 during the first period Ta is fpnned 
from the first and second control pulses P, and P2 with the pulse widths thereof varying symmetrically with 
respect to the timing tg. Since the energy of this wave is dispersed symmetrically with respect to the timing 
ts. the conversion thereof through interpolation by the low-pass fitter into the analog signal is obtained with a 
conversion characteristic as shown by a phantom plot in Rg. 15. with the instantaneous conversion output 
level being lower than the instantaneous output level of the PAM wave between OPS and FS (full scale) and 
^^^''^ ""^"^ instantaneous output level in the OFS and FS. The energy of the PWM wave 

PWM2 provided during the second period Tb. is symmetrical with respect to and concentrated on the 
tmmg t2«, so that a conversion characteristic as shown by a dashed plot in Rg. 15 can be obtained 

With the two differentPm^waves^ ^ and PWM2 of dif ferent pulse width variat ions provided during 
the respective first and second periods Ta a nd I b in one conver^on period T as in the above example the 
conversion errors due to the PWM waves PWM, and PWM^ can be cancelled to obtain excellent lineariiy of 
the D/A conversion. ' 

Although in the above example the two different PWM waves are provided each once during one 
conversion penod T. it is possible to provide the individual PWM waves alternately repeatedly a oluralitv of 
tmes in one conversion period T. .» r- / k «/ «■ 

Rg. 16 is a block diagram showing a third embodiment of the present invention. N-bit serial data which 
IS obtained through quantization of the analog signal for every sampling period Ts. is supplied to a data 
dTte inpirtl^LSraoi*'^ embodiment. 5-bits serial data Ds consisting of bits Do to D* is supplied to the 

The serial data Ds is supplied from the data input terminal 201 to a seriaMo-parallel (S/P) converter 202 
for converting to parallel data Dp consisting of bits Do to D4. 

200^^ parallel data Dp obtained from the S/P converter 202. is supplied to a modulabon control section 

The modulation control section 200 includes a 4-bit counter 212. which counts clock pulses (3cix at 
frequency fcuc supplied from a clock input tenninal 211, and first and second 4-bit shift registers 21^d 
214, which operate with 1/2* frequency division output pulses Ps from the counter 212 as clock 

The MSB outputs Q, 3 and ©23 of the shift registers 213 and 214 are supplied back to the respective 
senal data input terminals, and these shift registers shift 4-bit data cyclically with the frequency division 
output pulse Ps from the counter 212 as clock. "'vision 

Of the N-bit parallel data Dp consisting of bits Do to D4 obtained from the S/P converter 202 the MSB 
side h^her order n„-bit (i.e.. 2-bit) data D„ consisting of bits Do and D, of great weights is converted 
through a PAM decoder 215 to 4-bit data Dp^w consisting of bfts do to da. which is supplied to the first shift 
rcQisiBr 21 o. 

The PAM decoder 215 converts the higher order n„-bit data Dh consisting of bits Do and D, such that 

do ~ 0 
dl = Do + Dl 
d2 = (Do + Dl) • Dl 
and 

d3 = Do • Dl • ' 

It may consist of OR and AND gates. The 4^bit data D,^^ consisting of bits do to da obtained from 



EP 0 141 386 B1 



?5 



the PAM decoder 215 is loaded as parallel data in the first shift register 213 for every one sampling 
penod Ts, and is cyclically shifted therethrough for each timing of appearance of the frequency 
division output pulse Pg as shown in fig. 1 7. 
The first shift register 213 supplies a first control data Sa consisting of 4 bits cyclically shifting the 4-bit 
5 oata UpAM consisting of bits do to ds to a sviritching control circuit 216. 

The 4-bit data consisting of bits "1. 0. 0. 0" from a data input circuit 217 is loaded as parallel data in 

Th^nr'^Kl '^ r^'^^' ^ The second shift register 214 cyclically 

shifts *e 4-b.t data at every fiming of the frequency division output pulse Ps as shown in f=ig. 17 to provide 
second control data Sb of 4 bits, whereby the control data is supplied to the switching control circuit 216 

MoJ . o''^^ P™^''^®" *® 213 and 214 are suppHed through 

NOR gates 218 to 221 to produce third control data So which is supplied to the svWtching i^n^ol S 

.nH^^ '"°d"'a«on control section 200 also includes first and second coincidence detection circuits 222 
wtf n ^""^^^^I coincidence detection with respect to the 4.bit count output data Dc consisting of 
bits 0* to Q, provided at every fimings to. t.. Ts. ... as shown in Rg. 17 through the counting of clock 
pulses 0CLK by the counter 212. w . a «» i.uunang oi ciock 

cr.nJ!l?„"'1 ^'"n'*!"'';^ '^T'^°" '^^^ ^^^er n^-bit (i.e.. 3-bit) data 

consisting of bits Da to D« of small weights in the N-bit parallel data Dp obtained from the S/P converter 202 
and also r^wes one-bit data Ds of logic level "I" supplied from a secondary data input terminal 224 It 
compares for coincidence detection 4-bit data Dx consisUng of bits Ds and D^ to D« obtained through 

.™ n . " t*' *° ^'"^ °' '^'^^^ consisting of bitToT to 

o^i^h ?K °^ "^""'"""^ °' °* '° °^ """"^ 212. The coinSdence d^t^on 

output obtained from the first coincidence detection circuit 222 Is supplied as reset pulse to a flip-flop 226 
The second coincidence detection circuit 223 receives the complement data D ^ of the 4-brtdata D, as 

luoo^dl f *^ °= *° "-'"t -0"'isting of b^s t to d! 

supplied from a complement circuit 225. and it compares for coincidence detection the complement data U 

iSf. X • ^ i'''^- d^t««ion output of the second coincidence detection dSurt 

223 IS supplied as set pulse to the flip-flop 226. ^-"tuii 

gate^^ coincidence detection circuits 222 and 223 may each consist of four EX.OR gates and one NOR 

The flip-flop 226. which is triggered by the coinddGnce detection outputs of the first and second 
coincidence defection circuits 222 and 223. provides the PWM control sigS^Spw«. the pu se wid* x o^ 
?2t^"LT r'TK*" ""'^ "^'a- ccord'g to the lower order n!- 

oeriods ft ^u tT^. tTW° """"^^ ^« ^ ^« <=enter of respective 

penods Ta. Tb. Tc and Td which are uniform divisions of one conversion period T 

nf th'r ^n^bodiment. a modulating section 230 which Is controlled by the modulation control section 200 
of the above construction, includes 2"". I.e.. 4. constant current sources 231 to 234 

threI!l*^T* °T1' 231 to 234 are respectively connected to movable contacts S, to S. of 

conttST^o a"' 235 to 238. The selection switches 235 to 238 have their first f^ed 

fixe??ontecte B t? B ^^lllliT.f " °^ ^ °P«^««°"«' an^P'ifier 240. white their second 

tixed contacte B, to B» connected to the inversion input terminal noted above through a PWM switch 239 
and their third fixed contacts C, to C4 to ground. 

t«rJn.1 ^P™®^ 240 has its non-inversion Input terminal connected to ground and its output 

termmal 241 is connected to its inversion input terminal through a feedback resistor 242 

flooSe oHh^'e TT''^'^' PW"^ Signal Spwm provided from the flip- 

nop Of the modulation control section 200. 

orovWpVfrom?K!'*°> r'^'^^L^f '° ^'teh'"9 control signal Ssw 

provided from the switching control circuit 216 of the modulation control section 200 a i *sw 

th^^r® sp««fica"y. the first selection switch 235 is controlled by the switching control signal Ssw such 
fhfft 2?3~o;?: !;J! -""-^ '° contact A, when the mIb output Q„ of i;:e firTt 

shiR reg^ter 213 of the modulation control section 200 is at logic level "1-. is connected to the second 
fixed corrt«:t B, when the MSB output Q^a of the second shift register 214 is at logic tevel -l " an^"s 
connected to the third fixed contact C. when both the MSB outputs Q., and Q^a are at l^ c itel "O" Tt^^ 
second ,0 fourth selection switches 236 to 238. Hke the first selection switch 2^. Zl slS^Sordinrto 
the logic level of the ou^uts of the shift registers 21 3 and 21 4 • « icneo accoraing to 

in n.™Tl°"' ^^'^^"'"^'tehes 235 to 238 successively select the four constant current sources 231 to 234 
sections Ta. Tb. Tc and Td shown in the time chart of Rg. 17 according to the first control data provided 
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from the first shift register 213. thus forming a PAM wave PAMo consisting of four PAM pulses as shown in 
Rg. 18. This PAM wave PAMo is supplied to the operational amplifier 240. 

The four selection switches 235 to 238 selectively connect the four constant current sources 231 to 234 
successively to the PWM switch 239 for every individual time sections Ta. Tb, Tc and Td according to the 
second control data Sb provided fronn the second shift register 214. The PWM switch 239. which is 
controlled for switching by the PWM control signal Spwm. forms the PWM wave PWMo consisting of four 
PWM pulses. The PWM wave PWMo is supplied to the operational amplifier 240. 

The operational amplifier 240 additively combines the PAM and PWM waves PAMo and PWMo which 
are formed a plurality of times in one conversion period T by the switching operation of the switches 235 to 
239 to produce resultant pulses Pqut as shown in Fig. 19. 

With this embodiment of the above constnjction. the lower order nL-bit data Dl of the N-bit input digital 
data is converted to the PWM wave PWMo consisting of four PWM pulses with the pulse width r thereof 
varying symmetrically wrth respect to the timings con^esponding to the center of the time periods Ta. Tb. Tc 
and Td as uniform divisions of one conversion period T. Since the PWM wave PWMo consists of four PWM 
pulses provided symmetrically with the same pulse width r and successively with a uniform delay time in 
one conversion period T. when it is converted through interpolation by the low-pass filter to the analog 
signal, the signal level can be increased to an extent corresponding to the number of provided pulses 
without increasing the distortion factor. 

The higher order nw-bit data of the N-bit input digital data is converted to the PAM wave PAMo timed to 
the PWM wave PWMo and consisting of four PAM pulses with pulse width thereof corresponding to the 
respective time periods Ta. Tb, Tc and Td. The interpulse interval between consequentive pulses of the 
PAM wave PAMo may be set to any suitable value but is preferably shorter for reducing the aperture effect 

In this embodiment the PAM and PWM waves PAMo and PWMo are formed with successive selection 
of the constant cun-ent sources 231 to 234 in the modulating section 230 in one conversion period T. so 
that the peak value of the resultant wave may be represented by the average value of the current level's h 
to U of the constant current sources 231 to 234. Thus, it is possible to ensure satisfactory linearity of the 
conversion characteristics of the PWM and PAM waves PWMo and PAM© without need of substantial high 
precision of the constant current sources 231 to 234. thus pennitting ready monolithic IC implementation. 

The resultant pulses Pqut obtained through additive combination of the PAM and PWM waves PAMo 
and PWMo have a waveform which is symmetrical with respect to the center t^, of the period T. so that no 
error due to FM components is contained. Thus, the error due to the non-linearity of the conversion 
charactenstic of conversion to the analog signal through interpolation through the low-pass filter is small as 
shown in Fig. 20. 

Fig. 21 is a block diagram showing a fourth embodiment of the present invention. The N-bit serial data 
D,N which is obtained by quantizing the analog signal for every sampling period Ts is supplied to a data 
input terminal 301. In this embodiment, the 3-bit serial data D,n consisting of bits Do to Dz is supplied to the 
data input terminal 301 . 

The serial data D,n is supplied the data input terminal 301 to a serial-to-parallel (S/P) converter 302 for 
conversion to parallel data Dp consisting of bits Do to D2. which is supplied to the modulation control 
section 300. 

The modulation control section 300 in this embodiment includes a 4-bit counter 304 for counting clock 
pulses 0CLK at frequency fcLK supplied from a clock input terminal 303, By counting clock pulses 0ctK the 
counter 304 supplies lower order 3-bit data Da. consisting of bits Q* to Qi In 4-bit count output data Dc 

consisting of bits Qa to Q, obtained at every timings to. ti as shown in Rg, 22. to a first gate circuit 310 

and also to first to fourth coincidence detection circuits 331 to 334. 

The first gate circuit 310 includes an inverter 311 and NOR gates 312 and 313, When the 3-bit data Da. 
IS provided from the counter 304. the NOR gate 312 provides a first gate output signal Sn, which is 
expressed as 

Sgi = Q7 +■ ^ Q7 

while the other_NOR gate 313 provides a second gate output signal Sqz which is expressed as 
Sg2 = 07 + ~ Qi" 

The first gate output signal Sqi provided from the first gate circuit 310 is supplied through an OR gate 341 
to a set input terminal of a first flip-flop 351 and is also supplied through an OR gate 342 to a reset input 
terminal of a second flip-flop 352. The second gate output signal Saz provided from the first gate circuit 310 
IS supplied to a second gate circuit 320. and is also supplied to a^set Input terminal of a third flip-flop 353 
and also to a reset input terminal of a fourth flip-flop 354, 

The second gate circuit 320 receives the MSB data Q4 from the eounter 304 and also carry output data 
C from an adder 305. It includes an Inverter 321 and AND gates 322 and 323. The AND gate 322 provides 
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a third gate output signal Sg3 which is expressed as 

S G3 = Sg2 • C • 07 

whilemej,ther AND gate 323 provides a fourth gate output slgr,al Sc* which is expressed as 

TJeMltllV^S"^ iT '"'"""''^ '^"^ "^'^^"^ 9=te circuit 320 is supplied through the OR 
fh^lt f °* '"P-«°P and is also supplied through fr^ OR aate 343 to 

The operation of the adder 305 and first complement circuit 306 is illustrated in Table 2 below. 

Table 2 
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compares the count output data D„ ota L n ^® *'lj=0'"«dence detection circuit 333 
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As the first flip-flop 351 is set at the timing U of rising of the first gate output signal Sgi and reset at the 
timing of rising of the first coincidence detection signal DP,, the pulse width r, of the first pulsed width 
control signal Sp, which is provided from the first flip-flop 351 through the AND gate 361 is varied accordina 
to the parallel data Dp as shown in Rg. 4. 

As the second flip-flop 352 is set at the timing of rising of the second coincidence detection signal DPj 
and reset at the timing u of rising of the first gate output signal Sq,. the pulse width tj of the second pulse 
width control signal which is provided from the second flip-flop 352 through the AND gate 362 is varied 
symmetrically with the first pulse width control signal Sp, with respect to the timing U. Further for the third 
and fourth pulse width control signals Spg and Sp^. the pulse width rs of the third pulse width control signal 
Sp3 IS vaned successively, from the timing.tg of rising of the second gate output signal Sqz through t^ te 
t, according to the parallel data Dp as shown in Fig. 22. 

The first to fourth pulse width control signals Sp, to Sp4 are supplied to a modulating section 370 

The modulating section 370 includes first to fourth switches 371 to 374. which are controlled for 
switching by the first to fourth pulse width control signals Sp, to Sp4. first to fourth constant current sources 
381 to 384 connected to the respective switches 371 to 374. an operational amplifier 390 with an inversion 
input terminal thereof connected to the constant current sources 381 to 384 through the respective switches 
371 to 374. and a feedback resistor 392 connected between an output terminal 391 and inversion input 
terminal of the operational amplifier 390. A nonnnversion input fennlnal of the operational amplifier 390 is 
connected to ground. • 

The first to fourth switciies 371 to 374 are controlled for swHching according to the first to fourth pulse 
width control signals Sp, to Sp4 to form four different PWM waves PWM, to PWMc of different pulse width 
vanabons according to the parallel data Dp. These PWM waves are supplied to the inversion input terminal 
of the operational amplifier 390. 

The operational amplifier 390 additively combines the PWM waves PWM, to PWM« to produce the 
PWM wave PWMouT which is symmetrical in one conversion period T. as shown in Rg..23. 

The PWM wave PWMqut obtained from the modulating section 370 corresponds to a PAM wave the 
pulse width of which coincides with the maximum pulse width in one-fourth FS (full scale), one-half FS 
three-fourth FS and FS. and which does not contain any PWM components. Thus, when the PWM wave 
PWMouT IS converted to the analog signal through interpolation through the low-pass filter, a conversion 
charactenstc which coincides with the conversion characteristic of the PWM wave in the one-fourth FS 
one-half FS, three-fourth FS and FS as shown in Rg.24. The PWM wave PWMqut is also symmetrical 
waveform, and its energy Is dispersed from the center timing u in OFS to one-fourth FS and one-half FS to 
three-fourth FS and is concentrated in one-fourth FS to one-half FS and three-fourth FS to FS Thus a 
cOTversion characteristic in which the direction of error due to non-linearity is reversed for every one-fourth 
FS as shown in Rg. 24 can be obtained. In addition, the practical peak level h of the PWM wave PWMout is 
determined by the average value of the current levels I, to U of the constant current sources 381 to 384 so 
that satisfactory linearity of the conversion characteristic can be obtained without need of high precisioi^ of 
the constant current sources 381 to 384. Thus, the embodiment is suited for monolithic IC implementation 

While in the above embodiment the linearity of the conversion characteristic can be ensured in one- 
fourth FS. one-half FS, three-fourth FS and FS through additive combination of the four different PWM 
waves PWM, to PWM* using the four contact current sources 381 to 384. it is possible by usino M 
constant current sources to obtain a resultant PWM wave corresponding to PAM wave for every FS/M 
where M is positive integer and is equal or greater than 2. 

As has been made apparent from the above embodiments, with the digital-to-analog converting 
apparatus according to the present invention the N-bit input digital data is divided at least two data ie 
higher order nH bits and lower order n^ bits for conversion to respective PAM and PWM waves to be 
combined together. Thus, the operation frequency of the counter used for the PWM wave pulse width 
control can be reduced to pemnit the D/A conversion of high resolution to be performed at a practical 
operation frequency. In addition, since the individual PWM waves are additively combined in a timed 
relation to one another in one conversion period, the D/A conversion which is free from errors due to FM 
components and having excellent linearity, can be performed over a wide dynamic range. Thus the 
intended ends of the present invention can be fully attained. 



Claims 

1. A digital-to-analog converting apparatus for converting a digital code having higher order bits and lower 
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order bits to an analog value comprising: 

- a device (2) for dividing input digital codes into higher order bits and lower order bits- 

- a first digitalrto-analog converter having a PAM controller (3) for producing a PAM control signal 
5 InX, «'"'^°"*"9 to said higher order bits for converting said higher order bits to a higher 
5 analog value in a first converting style; ^ 

' « SgSrr '"^ ^'""'"'"^ ' "^'"^ corresponding to said PAM 

' l^at'^^^^!^'^^ converter having a PWM control section (4) for converting said lower 
?nH ^ ^ ^"'"^ converting style using pulse width modulation 

IT T ■''f "'''"^ ^" ^""^ '^'^'^ *° P^°<'"^«d in the first converHng 

s^le ,n hnearrty. said pulse width modulation means including means for generating puls^ 
having a plural.ty of different pulse widths and defining a conversion period: and 

- an adder (20) for adding said higher and lower analog values; 
characterized in that 

's - said second digital-to-analog converter (4) includes: 

- means (43) for generating the 2's complement of said lower order bits 

- "™ea"s (44 45) for selecting pulses of different pulse widths according to said lower order bits 
and said 2' s complement of said lower order bits 

" fTr's Sn"g""si^ ^ ""'"^ ""'^ (^^4. 45) 

' SLise m^.!l£f "'^"^ °' P""^ ^'"^"^ "^"^"'^^^ ^hich said two 

pulse width modulated waves are an-anged in respective first and second intervals of said 
conve^on penod and in which widths of said two pulse width modulated waves vZ lyZn^- 

oe fod hHh r'^^" T""^ °* ^^''^ second intervals of sai?«2ZS, 

penod. thereby to .mprove linearity of the analog value produced by the second concerting ^ 

^ ti?hSKr^"w°^.?"''®'^'"^ apparatus, according to claim 1. wherein said PAM controller (3) converts 
said higher order brts to said higher analog value through Pulse Amplitude Modulation (PAM) pralSna 
a pulse level conresponding to said higher order bits 'oauiation (pam) providing 
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liJf converting apparatus according to claim 1. wherein said means for selectino said 

ditor^- '^S^'^/^=P^'=«^^ P"'ses in the first and second halves of one sampling perfodTucS t^S 
d.s^ort^on due to the pulses selected in said first half of period Is complementarily ^Slid bv^,^ 
distortion due to the pulses selected In said second half of period. «^entaniy cancelled by the 

122*^"°*^!'°^ converting apparatus according to claim 1. wherein said means for setecBna said 
A digital-to-analog converting apparatus according to one of claims 1 to 4 wherein said diaital to »na.no 

s'::oT;lL^:^ulT8?"" <^^°:r"^'"9 ^ ^^-^ signaMs^randts ^ 

mS^Z ^ ^ ^'"^'^""9 = corresponding to said PWM 

of ?nh.rl'm°^ converting apparatus according to claim 5. wherein said first current source consists 
level, n being a positive integer). ^ ^ ® reference current 

" o^^ifs^r^erTdrst^s:^^^^^^^ ^ 

order btT ^'^ '°' ""'^^ '"^^ ^Its- ""^dle order bits and lower 

a first digital-to-analog converter (30) including a PAM controller (3) for producing a PAM control 
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signal (Spam) corresponding to said higher order bits for converting said higher order bits to a higher 
analog value in a first converting style: 

a first current source (14,15,16) for generating a higher analog value corresponding to said PAM 
control signal: 

a second digital-to-analog converter (40A) for converting said middle order bits to a middle analog 
value in a second converting style which is inferior to the first converting style In linearity: 

a third digital-to-analog converter (40B) for converting said lower order bits to a lower analog value 
in said second converting style: 

whereby said second and third digital-to-analog converters (40A. 40B) each irtclude a pulse witdth 
modulation means, each said pulse width modulation means further including means for generating 
pulses having a plurality of different pulse width and defining a conversion period, means for generating 
the 2's complement of said lower order bits, and means for selecting pulses of different pulse witdth 
according to said lower order bits, and each including logic means connected to said means for 
generating pulses and receiving selected pulses of different pulse widths from said means for selecting 
pulses for producing an output signal formed of two different pulse width modulated waves in which 
said two pulse width modulated waves are respectively arranged in two intervals of said conversion 
period and in which widths of said pulses in said output signal vary symmetrically relative to central 
time points of said two Intervals within said conversion period thereby to improve linearity: 

a second cun-ent source (18.28) for generating a lower value corresponding to signals generated by 
said second and third digital-to-analog converters (40A, 40B): and 

an adder (20) for adding said higher, middle and lower analog values. 



Revendications 

1. Un appareil de conversion numerique-analogique destine h convertir en une valeur analogique un code 
numerique ayant des bits d'ordre sup^rieur et des bits d'ordre inferieur. comprenant : 

- un dispositif (2) pour diviser des codes num^riques d'entrie en bits d'ordre sup^rieur et en bits 
d'ordre inferieur; 

- un premier convertisseur numerique-analogique comportant un circuit de commande de modula- 
tion d'impulsions en amplitude (3) pour produire un signal de commande de modulation 
d'lmpulsions en^ amplitude (Spam) correspondant aux bits d'ordre superieur. pour convertir ces 
bits d'ordre superieur en une valeur analogique superieure, dans un premier mode de conversion: 

- une source de courant (14. 15, 16) pour produire une valeur analogique superieure correspondant 
aux signaux de commande de modulation dimpulsions en amplitude; 

- un second convertisseur numerique-analogique comportant une section de commande de modu- 
lation dMmpulsions en largeur (4), pour convertir les bits d'ordre inferieur en une valeur analogi- 
que inf^rieure. dans un second mode de conversion, en utilisant des moyens de modulation 
d'impulslons en largeur. et pour produire une valeur analogique qui a une linearite inferieure a 
celle de la valeur analogique qui est produite dans le premier cycle de conversion, les moyens 
de modulation d'impulsions en largeur comprenant des moyens pour gen^rer des impulsions 
ayant un ensemble de largeurs d'impulsions diff^rentes. et pour d^finir une periode de conver- 
sion; et 

- un additionneur (20) pour additionner les valeurs analogiques superieure et inferieure, 
caracteris^ en ce que 

- le second convertisseur numerique-analogique (4) comprend : 

des moyens (43) pour generer le complement a 2 des bits d'ordre inferieur, 

- des moyens (44, 45) pour selectionner des impulsions de differentes largeurs en fonction des bits 
d'ordre inferieur et du complement a 2 des bits d'ordre inferieur. 

- et des moyens logiques (46) recevant des impulsions selectionnies de differentes largeurs a 
partir des moyens (44. 45) pour selectionner des impulsions. 

- pour produire un signal de sortie qui est tonne par deux ondes en modulation d'impulsions en 
largeur. dans lequel les deux ondes en modulation d'impulsions en largeur sont presentes dans 
des premier et second intervalles respectifs de la periode de conversion, et dans lequel les 
largeurs des deux ondes en modulation d'impulsions en largeur variant symetriquement par ' 
rapport a des instants centraux respectifs des premier et second Intervalles de la periode de 
conversion, pour ameliorer ainsi la linearity de la valeur analogique qui est produite par le second 
mode de conversion. 
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nl^ w T conversion numerique-analogique salon la revendication 1. dans lequel le dispositif de 
commande de modulafon d'impulsions en amplitude (3) convertit les bits d'ordre superieur pour 
donner la valeur analog.que superieure. par une operation de modulation d'impulsions eTampliteide 
produ.sant un niveau d-impulsion correspondant aux bits d'ordre superieur. ampiiUide 

3. Un apparell de conversion numerique-analogique selon la revendication 1. dans lequel les moyens de 

moites d une penode d'echantillonnage. de fagon que la distorsion qui est due aux impulsions 

dSto^SLT'^H " '^^ P«"<>* soit annulee de fa^on complemen Je pal "a 

distorsion qui est due aux impulsions selectionn^es dans la seconde moitig de la pdrfode. 

^LT^^l conversion numerique-analogique selon la revendication 1. dans lequel les moyens de 
selection des impulsions generent des largeurs dlmpulsion qui correspondent aux btts et cS 
impulsions sont dispersees sous la forme d'un ensemble d'impulsions dans'^ne periode d^Lnlillon; 

lilff?-^^" ""merique-analogique selon I'una des revendications 1 I. 4. dans lequel le 

arnroul^eTdTnn'''^^"' 'T^^' "^""^^^ d-impuS jn 

argeur W Q"- est destine a produ.re un signal de commande de modulation d'impulsfons en largeur 

(W et dans lequel .1 existe en outre une seconde source de courant (18) pour generer une vlur 

analogique .nfeneure con-espondant au signal de commande de modulation d'impulsions en largtu^ 

. Un apparell de conversion numerique-analogique selon la revendication 5. dans lequel la premiere 
source de courant est constituee par un ensemble de sources de courant ( 4. 15 Ten un Z.b« 

21, 41. ... 2 I (I etant un niveau de courant de reference et n etant un entier positif). 

. Un apparell de conversion numerique-analogique selon la revendication 5. dans lequel le niveau de 

courant, est egal au niveau de courant de la seconde source de courant. "f»^ «9 

nLTrf™ ^' '^^ f numerique-analogique destine a convertir en une valeur analogique un code 

ZpZantT ' "'•^ intenr^dialre et des bits d'orrinf^JLr! 

d'o^rJ^Z-^^^^ pour divfser des codes numeriques d'entree en bits d'ordre superieur. en bits 
d ordre intermediaire et en bits d'ordre inferieur: 

mndn?=.r^'"w?' ^"^.^^'^"^ numerique-analogique (30) comprenant un dispositif de commande de 
modulation d'impulsions en amplitude (3). pour produire un signal de commande S iSaBon 
d'oTt°n' ""''"'"'^ ^^-^'^ conespondant aux bits d'ordre soperieS?, porconterrtJ bte 

ZZZfV!"^ "T' ^"P^''^"^^ P^^-^'^^ de conversion? 

corr^,^^^!^! "?! P°"^ P--^^""-^ valeur analogique superieure 

correspondant au signal de commande de modulation d'impulsions en amplitude- ^"Peneure 

pn .?„"o^T numerique-analogique (40A) pour convertir les bit^ d'ordre intermddiairB 

rnm^rJSTH'^"®' ''^^ ^^"""^ ^* troisieme converlisseurs numerique-analogique (40A 40B) 

.1= I. B.no* d, converse,, ot dan, te,„el tes ,io„„ ^ ^ ^ de^^S 
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symetriquement par rapport a des instarits centraux des deux intervalles dans la p^riode de conversion, 
pour ameliorer ainsi la linearite: 

une seconde source de courant (18, 28) pour generer une valeur inferieure correspondant a des 
signaux qui sont generes par les second et troisieme convertisseurs numerique-analogique (40A. 40B); 
et 

un additionneur (20) pour additionner les valeurs analogiques superieure, intermedlaire et Inferieure. 



AnsprUche 

1. Digital/Anaiog-Umsetzer zum Wandein eines digitalen Kodes mit Bits hoher Ordnung und Bits niederer 
Ordnung in einen Analogwert, mit: 

- einer Einrichtung (2) zum Unterteilen von Eingangsdigitalkodes in Bits hoher Ordnung und Bits 
niederer Ordnung; 

- einem ersten Digital/Analog-Wandler mit einer PAIVI-Steuerung (3) zum Erzeugen eines PAM- 
Steuerslgnals (Spam), das den Bits hoher Ordnung entspricht. urn die Bits hoher Ordnung mit 
einer ersten Wandlungsart in einen oberen Analogwert zu wandein; 

- einer Spannungsquelle (14, 15, 16) zum Erzeugen des oberen Analogwerts entsprechend dem 
PAM-Steuersignal; 

- einem zweiten Digital/Analog-Wandler mit einem PWM-Steuerabschnitt (4) zum Wandein der Bits 
niederer Ordnung mit einer zweiten Wandlungsart in einen unteren Analogwert. wozu eine 
Pulsbreitenmodulationseinrichtung verwendet wird. und zum Erzeugen eines Analogwerts. dessen 
Unearitat schlechter ist als diejenige des mit der ersten Wandlungsart erzielten Werts, wobei die 
Pulsbreitenmodulationseinrichtung eine Einrichtung zum Erzeugen von Pulsen mit mehreren 
unterschiedlichen Pulsbreiten aufweist die eine Wandlungsperiode festlegen; und 

- einem Addierer (20) zum Addieren des oberen und des unteren Analogwerts; 
dadurch gekennzeichnet, dai3 

- der zweite Digital/Analog-Wandler (4) folgende Einrichtungen aufweist: 

- eine Einrichtung (43) zum Erzeugen des 2-er Komplements der Bits niederer Ordnung, 

- eine Einrichtung (44. 45) zum Auswahlen von Pulsen unterschiedlicher Pulsbreiten abhangig von 
den Bits niederer Ordnung und den 2-er Komplementen der Bits niederer Ordnung, 

- und eine Logikeinrichtung (46), die Auswahlpulse unterschiedlicher Pulsbreiten von der Einrich- 
tung (44, 45) zum AuswShlen von Pulsen erhalt, 

- urn ein Ausgangssignal zu erzeugen. das aus zwei pulsbreitenmodulierten Signalen gebildet ist. 
die in einem ersten bzw. einem zweiten Intervall der Wandlungsperiode geliefert werden. wobei 
die Breiten der beiden pulsbreitenmodulierten Signale symmetrisch relativ zum jewellrgen mittle- 
ren Zeitpunkt im ersten bzw. zweiten Intervall der Wandlungsperiode variieren. wodurch die 
Linearltat des mit der zweiten Wandlungsart erzeugten Analogwerts verbessert wird. 

2. Digital/Analog-Umsetzer nach Anspruch 1, bei dem die PAM-Steuerung (3) die Bits hoher Ordnung 
durch Pulsamplitudenmodulation (PAM) unter Lieferung eines Pulspegels. der den Bits hoher Ordnung 
entspricht. in den hoheren Analogwert wandelt. 

3- Digital/Analog-Umsetzer nach Anspaich 1, bei dem die Einrichtung zum Auswahlen der Pulse jeweilige 
Pulse In der ersten und der zweiten Halfte einer Abtastperiode in solcher Weise auswahit, dafl 
Verzerrung aufgrund der in der ersten Halfte der Periode ausgewahlten Pulse komplementar von der 
Verzerrung durch die in der zweiten Halfte der Periode ausgewahlten Pulse aufgehoben wird. 

4. Digital/Analog-Umsetzer nach Anspmch 1. bei dem die Einrichtung zum Auswahlen der Pulse Pulse mit 
Breiten erzeugt. die Bits entsprechen, wobei die Pulse als mehrere Pulse auf eine Abtastperiode verteilt 
werden. 

5. Digitail/Analog-Umsetzer nach einem der Anspruche 1 bis 4. bei dem der DIgital//\nalog-Wandler eine 
PWM-Steuerung (4) zum Erzeugen eines PWM-Steuersignals (Spwm) ist und bei dem eine zweite 
.Stromquelle (18) vorhanden ist, urn einen unteren Analogwert entsprechend dem PWM-Steuersignal zu 
erzeugen. 
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Digital/Analog-Umsetzer nach Anspruch 5. bei dem die erste Stromquelle aus mehreren Stromquellen 
(14. 15, 16) besteht. deren Anzahl der Anzahl Bits hoher Ordnung entspricht, und die ieweilig© 
vorgegebene Ausgangsstromstarken I. 21. 41, 2nl aufweisen. wobel I eine Bezugsstromstarke und n 

eine positive ganze Zahl ist. 

Digital/Analog-Umsetzer nach Anspruch 5. bei dem die Slromstarke der schwachsten Stromquellen 
innertialb der ersten Stromquelle der StromstSrke der zweiten Stromquelle entspricht. 

Digital/Analog-Umsetzer zum Umwandein eines Digltalkodes mit Bits hoher Ordnung. Bits mittlerer 
Ordnung und Bits niederer Ordnung in einen Analogwert mit 

- einer Bnrichtung (25) zum Untertellen der digitalen Bngangskodes in Bits hoher Ordnung Bits 
mittlerer Ordnung und Bits niederer Ordnung; 

- einem ersten Digital/Analog-Wandler (30) mit einer PAM-Steuerung (3) zum Erzeugen eines PAM- 
Steuersignals (Spam), das den Bits hoher Ordnung entspricht. urn diese Bits hoher Ordnung mit 
einer ersten Wandlungsart in einen oberen Analogwert zu wandeln; ' 

■ f r^*^" Stromquelle (14. 15. 16) zum Erzeugen eines oberen Analogwerts entsprechend dem 

PAM-Steuersignal; 

- einem zweiten Digital/Analog-Wandler (40A) zum Wandeln der Bits mittlerer Ordnung mil einer 
zweiten Wandlungsart. die in bezug auf UneariSt schlechter ist als die erste Wandlungsart in 
einen mittleren Analogwert; 

- einem dritten Digital/Analog-Wandler (40B) zum Wandeln der Bits niederer Ordnung mit der 
zweiten Wandlungsart in einen unteren Analogwert; 

- wobei der zweite und der dritte Digital/Analog-Wandler (40A. 40B) jeweils eine Pulsbreitenmodula- 
tonseinnchtung aufweisen. von denen jede folgende Einrichtungen aufweist: eine Einrichtung zum 
Ei^ugen von Pulsen mit mehreren unterschiedlichen Pulsbreiten. die eine Wandlungsperiode 
fesHegen, eine Einrichtung zum Erzeugen des 2-er Komplements der Bits niederer Ordnung eine 
Einnchtung zum Auswahlen von Pulsen unterschiedlicher Pulsbreite abhangig von den Bits 
niederer Ordnung und eine Logikeinrichtung. die mit der Bnrichtung zum Erzeugen von Pulsen 
verbunden ist und ausgewahlte Pulse unterschiedlicher Pulsbreiten von der Einrichtung zum 
Auswahlen von Pulsen erhSlt. urn ein Ausgangssignal aus zwel unterschiedlichen pulsbreitenmo- 
dulierten Signaten zu erzeugen. wobei die zwel pulsbreitenmodulierten SIgnale jeweils in einem 
von zwei Intervallen der Wandlungsperiode angeordnet sind und die Breiten der Pulse Im 
Ausgangssignal symmetrisch relativ zu den Mittelpunkten der beiden Intervalle innerhalb der 
Wandlungspenode varfieren. wodurch die Unearitat verbessert wird- 

- einer zweiten Stromquelle (18. 28) zum Erzeugen eines unteren Wertes. der Signalen entspricht 
w.e sie vom zweiten bzw. dritten Digital/Analog-Wandler (40A. 40B) erzeugt werden- und 

- einem Addierer (20) zum Addieren des oberen. mittleren und unteren Analogwertes' 
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